ABSTRACT Over a 3 year period we evaluated 23 patients (16 men, seven women) with apical hypertrophic cardiomyopathy by noninvasive and invasive methods. Sixteen patients had chest pain. In 17, results of cardiovascular examination were normal. The electrocardiogram showed precordial inverted T waves in all patients and these were of mild-to-moderate amplitude (<10 mm) in 18 and giant (>10 mm) in five. M mode echocardiography revealed a typical pattem of contraction and relaxation in the apical region of the left ventricle that was associated with significant hypertrophy. These findings were confirmed by two-dimensional echocardiography. Systolic anterior motion of the mitral valve was not observed nor was there any evidence of obstruction of the left ventricular outflow tract. Results of Doppler echocardiographic study of the mitral and aortic flow were normal in all patients but one who had mild mitral insufficiency. Radionuclide studies of 14 patients revealed a mean left ventricular ejection fraction of 66 + 6% (range 55% to 79%), with normal left ventricular contraction in all patients but two with apical hypokinesis. In all six patients who underwent catheterization a characteristic appearance of the left ventricle at end-systole as well as abnormal end-diastolic contour were noted on the left ventricular angiogram, but the "ace of spades" configuration was seen in only one. We conclude that the 23 patients studied form a homogeneous group of individuals with nonobstructive apical hypertrophic cardiomyopathy, which differs in many respects from cardiomyopathies reported by other investigators. Circulation 71, No. 1, 45-56, 1985. HYPERTROPHIC CARDIOMYOPATHY is defined as a heart muscle disorder of unknown origin that is characterized by hypertrophy of a nondilated left ventricle. ' The hypertrophy may be obstructive or nonobstructive and its distribution may exhibit marked variation.2 Recently, Japanese investigators34 described a form of nonobstructive hypertrophic cardiomyopathy characterized by disproportionate hypertrophy of the left ventricular apical region associated with giant precordial negative T waves and high QRS voltage. A characteristic "ace of spades" configuration at end-diastole was observed on left ventriculograms of patients with this disorder. 5' 6 Reviewing their extensive experience with hypertrophic cardiomyopathy, Maron et 
HYPERTROPHIC CARDIOMYOPATHY is defined as a heart muscle disorder of unknown origin that is characterized by hypertrophy of a nondilated left ventricle. ' The hypertrophy may be obstructive or nonobstructive and its distribution may exhibit marked variation. 2 Recently, Japanese investigators34 described a form of nonobstructive hypertrophic cardiomyopathy characterized by disproportionate hypertrophy of the left ventricular apical region associated with giant precordial negative T waves and high QRS voltage. A characteristic "ace of spades" configuration at end-diastole was observed on left ventriculograms of patients with this disorder. 5' 6 Reviewing their extensive experience with hypertrophic cardiomyopathy, Maron et al.7 reported seven patients who had a distribution of left ventricular hy-pertrophy similar to that observed by the Japanese investigators. However, the electrocardiograms of their patients showed relatively mild T wave inversion and left ventricular angiograms showed a characteristic appearance of mid left ventricular constriction and a small, often poorly contracting apical segment.
No other extensive study of apical hypertrophic cardiomyopathy has appeared in the literature and only a few cases have been reported with findings similar to those of the Japanese group.tt-4 The present study reports a series of 23 patients with apical hypertrophic cardiomyopathy who were evaluated at our institution by both noninvasive and invasive techniques. To the best of our knowledge, this is the largest series of patients with this diagnosis reported so far outside of Japan.
Methods
Selection of patients. Over a 3 year period 23 patients with apical hypertrophic cardiomyopathy were studied in our institution. The diagnosis of apical hypertrophic cardiomyopathy was established with echocardiography by the demonstration of ventricular hypertrophy that was virtually confined to the apical part of the left ventricle in the absence of cardiac or systemic disease that could itself explain this hypertrophy.
Noninvasive studies. All patients underwent electrocardiographic and M mode and two-dimensional echocardiographic studies. Pulsed Doppler echocardiographic studies of aortic flow and mitral flow were performed in 13 and 17 patients, respectively, and radionuclide studies were conducted in 14 patients.
Electrocardiographic recordings. Standard 12-lead electrocardiograms were obtained with a Mingocard Elema recorder, on the same day echocardiograms were obtained. Particular attention was given to accurate placement of chest electrodes. The following were evaluated: morphology of P wave, PR interval, QRS axis, QRS duration, QT and QTc intervals, sum Two-dimensional echocardiography. Mechanical 2.25 and 3.5 MHz transducers were used to perform the two-dimensional echocardiographic studies. The study included the imaging of several cross-sectional planes through the heart. The long-axis view was obtained by orienting the sector plane parallel to the longitudinal axis of the left ventricle, the apical four-chamber view by placing the transducer at the cardiac apex and directing the tomographic plane perpendicular to the ventricular and atrial septa and through the plane of the mitral and tricuspid orifices.
Serial short-axis views of the left ventricle were obtained by initially orienting the sector plane perpendicular to the long axis of the left ventricle. The transducer was angled from the aorta (cephalad) to the apex (caudad). Care was taken to assure proper transducer angulation so that the left ventricle appeared circular rather than oval or elliptical. Special attention was given to the body of the left ventricle and the transition of the apical region.
Echocardiographic analysis. The thickness of the ventricular septum and posterobasal free wall was measured below the tips of the mitral leaflets at the end of diastole. The thickness of the apical region was measured as well. The cavity diameters in both diastole and systole were measured both in the apical and left ventricular body region.
Pulsed Doppler study. 
99mTc.
The technique of multigated equilibrium cardiac blood pool scintigraphy was used. 15 A background-corrected left ventricular time-activity curve was generated from the counts within each computer-defined frame in the left anterior oblique view. Left ventricular ejection fraction was calculated as follows: LVEF = (end-diastolic counts -end-systolic counts)/end-diastolic counts.
In two patients images were obtained after they performed submaximal bicycle exercise and in four patients images were obtained after handgrip exercise. Special attention was given to the left ventricular wall motion and in particular the motion of the apical region.
Invasive studies. Six patients were evaluated with retrograde left heart catheterization and cineangiography with use of the Judkins technique. Pressure studies were carefully performed during pullback of the catheter from the left ventricle to the aorta across the aortic valve. The peak systolic gradient within the left ventricle was determined in all patients.
Coronary as well as ventricular angiograms were recorded on a 35 mm cine film at 50 frames/sec with a Cardioscope-U Siemens image intensifier x-ray system. The various coronary cineangiograms were routinely obtained in various angles of right and left anterior oblique projections. The cineventriculograms were obtained in 45 degree right anterior oblique and 60 degree left anterior oblique view projections after injection of 40 ml of 76% meglumine diatrizoate with a pressure injector.
Results
Clinical characteristics of the patients. The pertinent clinical characteristics of the study patients are summarized in table 1. Sixteen were men and seven women, and their mean ( + SD) age was 62 + 1 1 years (range 36 to 80). Six patients were of Sephardic origin and born in North Africa or Asia, while 17 patients were of Ashkenazic origin and born in Europe. Seven patients had a history of recurrent myocardial infarction, which was suspected on the basis of their ST-T wave changes but not confirmed enzymatically. Atypical chest pain was the most common complaint and was observed in nine patients. In seven patients the pain was characteristic of angina pectoris. Three patients had dyspnea, mainly during effort. Palpitations were reported by four patients and four had episodic mild hypertension. None of the patients used alcohol heavily and only one patient was athletically inclined. Physical examination revealed normal blood pressures for age in all patients and no cardiovascular abnormalities in 17 of 23 patients. In the remaining six patients, minor auscultatory findings were noted. When seen in our clinic seven patients were being treated with ,3-blockers and six patients with calcium antagonists (verapamil or nifedipine). One of the patients was receiving digoxin for symptoms suggestive of congestive heart failure, but his ejection fraction, as determined by the radionuclide study, was 64% and he had good left ventricular contraction. A second patient was treated with digoxin because he had episodes of atrial fibrillation in the past. ures 3 and 4) along the long axis of the left ventricle showed a marked increase in both septal and posterior wall thickness towards the apex, resulting in significant obliteration of the left ventricular cavity in the apical segment. The movement of the interventricular septum and posterior wall in the apical region had a typical configuration (figure 5). The mean septal thickness at the base was 13.2 ± 2.4 mm, whereas at the apical region it was 21.8 ± 3.8 mm ( tricular internal diameter at end of diastole and systole in the region of the mid left ventricle was normal. The obliteration of the apical region was documented by a mean left ventricular internal diameter of 8.7 ± 5.4 mm at end-systole. The aorta and left atrium were of normal size and systolic anterior motion of the mitral valve was not observed in any of the patients. Figure 6 shows a four-chamber view from patient 6 and figure 7 is a short-axis view from patient 7, which shows the narrowing of the cavity in the apical region. In summary, two-dimensional echocardiographic images from long-, short-, and four-chamber views revealed significant cavity narrowing toward the apex of the left ventricle and marked thickening of the posterior wall and septum at the apical region.
Pulsed Doppler findings. The characteristics of flow through the aortic valve were normal in all patients studied. Left ventricular ejection time was 293 + 22 msec. Acceleration time to peak flow velocity was 93 + 10 msec and mean peak flow velocity was 90 ± 14 cm/sec. Figure 8 shows the aortic flow pattern in patient 14. Seventeen patients underwent mitral flow study by pulsed Doppler echocardiography and in all but one findings were normal; patient 22 showed signs of mild mitral insufficiency ( figure 9) .
Radionuclide studies. Twelve of 14 patients who underwent radionuclide study had normal left ventricular contraction (table 5) . Two patients (Nos. 7 and 8) showed mild apical hypokinesis. The mean ejection fraction was 66 + 6%. Exercise testing was performed during radionuclide study in two patients, and exercise induced a significant increase in heart rate in both, while no further ST-T changes on electrocardiograms or wall motion abnormalities were observed. Handgrip stress tests were performed by another four patients, but no significant change in left ventricular ejection fraction was noted.
Cardiac catheterization. Cardiac catheterization was performed in six patients (table 6). Five of these presented with typical anginal pain while the sixth had atypical chest pain. Three of the six patients were believed to have had myocardial infarctions in the past. All patients had normal left ventricular contraction with signs of apical hypertrophy. End-diastolic contour of the left ventricle was abnormal in all six patients but ace of spades-like configuration of the left ventricle at end-diastole was seen in only one ( figure  10) . A characteristic appearance of the left ventricle at end-systole similar to that reported by Yamagushi et al.P was seen in all six patients (figure 11). All except patient 23 had apparently normal coronary arteries. The latter patient had minor coronary disease that did not explain the electrocardiographic changes (ST depression and giant negative T waves); the diagnosis of apical hypertrophic cardiomyopathy was confirmed in this patient by both the left ventriculogram and twodimensional echocardiogram. The mean ejection fraction for the group was 72 ± 10%. Left ventricular pressure, aortic pressure, and cardiac index were normal. There was no significant systolic gradient across the aortic outflow tract, even after provocation with postextrasystolic potentiation. Follow-up. The patients were examined at the outpatient clinic every 6 months. Echocardiograms were obtained every 12 months. After a mean follow-up period of 22 ± 9 months (range 12 to 40) no significant changes occurred with respect to the clinical, electrocardiographic, or echocardiographic findings.
Discussion
Clinical features. Apical hypertrophic cardiomyopathy has been previously reported mostly in Asian patients. Of the 59 patients with this cardiomyopathy reported thus far, 30 were native Japanese, 4.6 six were from other Asian countries,9 10. 12, 14 and only 14 were of Western origin.7'8-11, 13Most of the 23 patients in our study were of European descent. We have no explanation for the apparently higher observed incidence of apical hypertrophic cardiomyopathy in our country.
In the population of Asian patients with apical hypertrophic cardiomyopathy4 5. 9 10, 12. 14 a marked male predominance (90%) has been reported. We also noted such a male predominance, although six of our patients were female. Our results are consistent with those of Maron et al. ,7 who reported a male/female incidence ratio of 4:3.
The clinical presentation of our patients was similar to that described in previous reports. 7. >11 Most of our patients reported a history of chest pain, while a smaller number were asymptomatic and were diagnosed after echocardiographic examination that was prompted by the discovery of electrocardiographic changes. Interestingly, many of our patients had received a previous diagnosis of myocardial infarction and some- Electrocardiographic features. The Japanese investigators noted the presence of giant negative T waves (>10 mm) and high QRS voltage in all their patients with apical hypertrophic cardiomyopathy.3 6 Similar findings were observed in other reports.8-4 In contrast, the seven patients reported by Maron et al.' had relatively mild T wave inversion in their electrocardiograms. In our patients, only 22% (five of 23) exhibited the pattern described by the Japanese; in the rest findings were mixed, as were those in the patients reported by Maron et al.'
It has been suggested that there is a tendency towards a greater degree of inverted T wave and increased QRS voltage as apical wall thickness increases.4'. Our findings do not corroborate this argument. On the contrary, we found that patients with more mildly inverted T waves tended to have greater apical wall thickness than patients with giant T waves (table 3) .
The reason for the marked ST-T changes observed in patients with hypertrophic cardiomyopathy is not well understood and could be related to either reversal of repolarization in the disorganized hypertrophic myocardium or to localized subendocardial ischemia. A recent study has suggested that microvascular spasm is the basis for the pathologic findings observed in patients with hypertrophic cardiomyopathy and that subsequent myocardial necrosis could be prevented by administration of verapamil.16 It would be interesting to see whether long-term administration of verapamil in patients with early hypertrophic cardiomyopathy reportS4, 6 7 
